This paper investigates the influence of habit formation and preference interdependence on labour supply behaviour of married females. A novelty of the paper is that we incorporate direct survey information on reference groups of individuals in a neoclassical labour supply model. For that purpose we first estimate a latent variables model relating the direct information to the 'true' but unobserved reference groups. One of the most interesting features of the model is that the presence of young children becomes an insignificant factor in the hours equation while it remains a significant factor in the participation decision. In addition, the labour supply curve is much flatter in a model with habit formation and preference interdependence than in a model without it. Both habit formation and preference interdependence contribute significantly to the explanation of female labour supply.
Introduction
The main purpose of this paper is to incorporate preference interdependence and habit formation into a neoclassical model of female labour supply. We allow for the fact that individuals may get used to working a certain number of hours per week (habit formation) and that the number of hours they prefer to work may depend on the number of hours other people work (interdependence of preferences). Habit formation and preference interdependence will be referred to jointly 1 as preference formation. Labour supply behaviour of individuals is analyzed within a generalized Tobit framework. We allow for the possibility that the labour supply function is discontinuous at zero hours. The data we use pertain to married females in Dutch households in 1985.
The notion that preferences may be endogenous has gained some foothold in the literature on consumer demand equations (see e.g. Pollak, 1970 Pollak, , 1976 Phlips, 1984; Gaertner, 1974; Blanciforti and Green, 1983; Darrough et al., 1983; Alessie and Kapteyn, 1991) , but hardly any in the empirical labour supply literature. In consumer demand models, habit formation is usually the only component of preference formation that is taken into account in empirical analyses (habit formation may then be either rational or myopic, cf. Muellbauer, 1988) . In a few papers, Alessie and Kapteyn (1991) and Kapteyn et al. (1997) have also incorporated preference interdependence into empirical models of consumption following theoretical notions developed by Gaertner (1974) and Pollak (1976) . In Kapteyn and Woittiez (1990) and ten Hacken et al. (1989) the framework developed in the two former papers is extended to deal with household labour supply.
In these papers parameters of individual (or household) utility functions are made dependent on a weighted mean of consumption levels or hours worked by others in society. The weights used in constructing such means are called 'reference weights'. This terminology refers to the notion of a social reference group, which can be defined roughly as the set of people whose behaviour influences the individual's preferences. For the special case where everyone in society has the same reference group and utility depends on average total expenditures, Oswald (1983) has investigated the implications for optimal nonlinear taxation. In a somewhat related approach, Blomquist (1993) studies labour supply in the case where preferences for leisure and consumption depend on the mean number of hours worked in society and on mean consumption. He investigates the effect of taxes on labour supply and compares the effect of a tax change with and without accounting for the interdependence of preferences. Not surprisingly, he finds that a neglect of interdependence may yield substantially biased predictions of the labour supply effects of a tax change.
There are of course much more general ways of relating individual preferences to the behavior of others than just to some average. In particular the notion of relativity has been pursued by various authors. In Kapteyn (1977) the idea is put forward that individual utility functions are identical to a perceived consumption distribution. Later work (e.g. Van de Stadt et al., 1985; Kapteyn and Wansbeek, 1985) appears to corroborate this hypothesis quite strongly. Ok and Koçkesen (1996) provide a more general theory of the representation of interdependent preferences, of which complete relativity is a special case. Cole et al. (1995) generate a concern for relativity in a very different manner. In their model, agents have identical utility functions but different endowments. In particular, males are exogenously endowed with a certain amount of wealth, whereas females differ in productivity in the labor market. The effort expended by a female determines with what male she can match, after which they consume their goods jointly. This tournament for males induces a concern for relativity by the females when deciding how much effort to expend. One should note that in this model, considerations of relativity do not stem from a structure of preferences, but rather from the structure of the institutions in society.
Interdependence of preferences will most likely influence the equilibrium distribution of wages. As an example, Frank (1984) considers a case where workers care about their relative income compared to their co-workers. It is found that an equilibrium distribution of wages within firms is less dispersed than if such interdependence does not exist. The reason for this finding is that workers with the lower marginal productivity need to be paid above their marginal product to compensate for the disutility of working with others who make more money. Conversely, the workers with the higher marginal product receive part of their compensation in kind, due to the fact that they can compare themselves with lower paid colleagues. Clark and Oswald (1996) provide evidence of the importance of comparison wage rates. They employ self-reported measures of job satisfaction and find that this measure is best explained by own wage (with has a positive effect) in combination with comparison earnings (obtained as predicted earnings from a conventional earnings equation). Comparison earnings have a negative effect on job satisfaction. If comparison earnings is omitted, own income has no appreciable effect on job satisfaction. Neumark and Postlewaite (1995) introduce relativity concerns in a model of female labour participation by assuming that families derive additional utility from having a higher income than comparison families. They show that this induces secondary effects of rising wages on female labour force participation. The primary effect is the usual effect of higher wages on labour force participation. However, if some females decide to start working in the labour market as a result of higher wages, their family's income will increase and thereby they may 'jump over' the income of comparison families. This may induce the females in these comparison families to also start working, to restore the original ordering in family incomes.
In the current paper we adopt the framework of Kapteyn and Woittiez (1990) , where reference group means of female hours enter into the utility function of a female. In the paper mentioned these reference group means are constructed by making specific assumptions about the unknown reference weights. The estimation results showed an overwhelming influence of habit formation, relative to preference interdependence, but also preference interdependence proved to be a significant factor in labour supply. Yet, the estimation results were not very satisfactory. In many cases parameter estimates had to be constrained by an upper (one) or lower (zero) limit.
In the present paper a more sophisticated method is used for the construction of the social reference group variables. Here we make use of direct information on reference groups available in the data used, to construct a number of indicators for the mean hours worked and the mean participation rate in an individual's reference group. The observed indicators are next related to the latent 'true' reference group means by means of a factor analytic model.
In Section 2 we briefly discuss how preference formation can be incorporated into a neoclassical labour supply model. In Section 3 we present the factor analytic model describing the relation of the indicators to the 'true' reference group variables. Section 4 shows the estimation results of the factor analytic model. In Section 5 we discuss how the estimation results of the factor analytic model can be exploited to analyze the role of reference groups in labour supply. In Section 6 the estimation results of the resulting labour supply model are given. Section 7 concludes.
A labour supply model with preference formation
We consider females in households with at least two adults capable of working in paid jobs. We shall refer to such individuals as married females. Our aim is to model the number of hours married females would like to work, i.e. their 'desired number of hours'. Desired hours are elicited through a survey question. The phrasing of the survey question (see Section 4 below) allows us to take the labour supply of any person in the household other than the married female as exogenous. The labour supply of the married female is assumed to be consistent with the following model
where h is the number of hours the female in household k would like to work per (1) is a reparameterization of a modified version of the model introduced by Hausman and Ruud (1984) . Labour supply is made a quadratic function of wages. The obvious advantage of a quadratic specification over a linear one (which is used for instance by Hausman (1980 Hausman ( ), (1985 and Blomquist (1983) ) is that it is more flexible.
At this point we deviate from the standard Tobit model by allowing the participation decision to be different from the hours of work decision. We follow Mroz (1987) here, who finds that the Tobit model is rejected in favour of a model with an unrestricted specification for the participation decision (see also Blundell d et al. (1987) ). We introduce a latent variable p that determines whether an is defined consistently with the hours equation
with e i.i.d. error term with zero mean and variance s .
pk p
There are various reasons why the hours decision could be different from the participation decision and our specification allows for this. In fact we allow the labour supply function to be discontinuous at zero hours. We do not model explicitly the factors that may give rise to the discontinuity. Structural models in which these factors are taken into account are for example fixed cost models (cf. Cogan, 1981) .
We model variation in preferences across agents by parameterizing the translation parameters b and g (cf. Pollak and Wales, 1981) . The translation 
08 hk parameters.
The main empirical problem in this specification is to find a sensible operationalization of the reference group variables j and j .
hk pk
Factor analytic model
Our data contain answers to a number of direct questions about reference groups of individuals. The answers to the questions about reference groups are used to construct indicators of the female participation rate and number of hours worked in the reference group of each respondent. These indicators are next used in a factor analytic model to estimate the relation of the indicators to the 'true' participation rate and number of hours worked in the reference group. These 'true' variables can then be proxied on the basis of the observed indicators. The proxies are used in the labour supply model.
For ease of exposition we first present the questions that were asked in the survey about one's reference groups.
1. ''The following questions are about your social environment, that is people whom you meet frequently, like friends, neighbours, acquaintances or possibly people you meet at work. Thinking of the people in your social environment, can you indicate to which age class they belong primarily? Choose the answer which is most in accordance with reality. The decision to include these questions in the questionnaire was made in the context of a research project on subjective poverty, where it was believed that the incomes and family composition of one's reference group are important determinants of one's subjective well-being. For the purpose of explaining household labour supply on the basis of preference interdependence the questions suffer from one serious defect; no questions have been asked about the number of hours worked or the participation rate in the reference group. Yet, we shall use the answers to the aforementioned questions to construct indicators of the reference group means.
It seems reasonable to suppose that an individual will primarily assign positive reference weight to people whom she knows personally. Within the family we distinguish two channels through which one can get to know other people. The first one is that one meets someone directly. We assume that the people one meets are primarily people of about the same age and education. The second channel is that one meets someone through one's partner. To formalise this idea we construct four indicators of hours worked in a respondent's reference group. The first indicator is simply the mean number of hours worked by all working females in the population who share the characteristics, education level and age bracket with the respondent. The second indicator is the mean number of hours of all working females in the sample who have the education level and age indicated by the respondent as typical for her reference group. The third indicator is the mean number of hours worked by all working females in the population who share the characteristics, education level and age bracket with the husband of the respondent. The fourth indicator is the mean number of hours of all working females in the sample who have the education level and age indicated by the husband of the respondent as typical for his reference group. For the participation rate in a respondent's reference group the indicators are constructed analogously to the variables for hours. For instance, the first indicator is the mean participation rate of all females in the population who share the characteristics education level and age bracket with the respondent.
Having constructed the indicators, how can we use them to find reasonable operationalizations of the 'true' reference group variables? Let x through x be 1 4 the indicators defined above of hours worked in the reference group of some respondent and let x through x be the indicators defined above of the 5 8 participation rate. All indicators are taken as deviations from sample means. Furthermore, let j and j be the 'true' values in the reference group of the h p number of hours worked by all working females and of the female participation rate, respectively. Then we assume the following relationships between these variables
x 5 a j 1 n ,
3 3 h 3
x 5 a j 1 n , v , n and j are assumed to be independent.
Technically, (5)- (8) is a factor analysis model, where j is the factor, a h 1 through a are the factor loadings, x through x are the specific indicators.
For the participation rate a similar model is assumed
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where the error terms n to n are error terms with mean zero and joint diagonal 
Data and estimation results of the factor analytic model
The data used come from the Socio-Economic Panel (SEP), run by Statistics Netherlands. The SEP is a twice-a-year panel of households who are interviewed in April and October of each year. The panel started in 1984. For the estimation of the labour supply model only the wave of October 1985 has been used since the questions used to construct reference groups have only been asked in that wave. The data set used contains 4225 households. In principle all persons in a household of 16 years or older have been interviewed. The information collected pertains primarily to income, labour market status, subjective evaluation of income, and various background variables like household composition, education, etc. It turns out that the information for many households is incomplete, so that a considerable amount of records had to be removed. One of the most interesting features of these data are the questions about reference groups, as described in Section 3. Another interesting feature is that respondents are asked the number of hours they would like to work, given their present after tax wage rate. It is this variable that is used as a dependent variable in the labour supply model, the advantage being that this variable is a pure supply variable. Furthermore, the question for desired hours is framed in such a way that it implies a linear budget constraint. The respondents were asked the following question: ''Suppose that you can freely choose the number of hours you work per week. How many hours would you like to work in your present job, if you could choose them yourself and if you would earn on average the same amount of money per hour as you do now? If you choose fewer hours of work, you choose for less income. Assume that the number of hours chosen by other members of the household, if any, does not change''. This wording implies that the respondent is offered a linear budget constraint and is asked which number of hours is optimal. Information on hours worked, wage rates and other important variables in the sample is given in Table 1 .
We have estimated the factor analytic models for hours and participation rates separately. Obviously, estimation of the two models for two-adult households with all the indicators included requires that all questions have been answered by both spouses in the households. It turns out, unfortunately, that the routing in the questionnaire has been such that the questions have only been asked to individuals who have their own independent source of income. As a result, the vast majority of observations had to be discarded for this part of the analysis, including most households with non-working housewives. For estimation only 272 households remain. In the next section we show how we can nevertheless use all observations in the estimation of the labour supply model. In Table 2 the correlation matrices of the indicators are given. a Those who are employed and say they want to continue working and those not working who say they are looking for a job. Table 3 presents the results of the factor analyses performed for hours and participation rates, respectively. The estimation method employed is maximum likelihood, using the well-known LISREL program (Joreskog, 1973) . Strictly speaking, this involves the assumption of multivariate normality of all variables included. Especially, for the participation equation this can only be true as an approximation. We have made the identifying assumptions that both factors have unit variance (v 5v 51). could be constructed in any survey. The model R 's of 0.90 and 0.83 indicate a reasonable degree of fit for the two models. The signs of the a's are all positive, as one would hope, whereas their magnitudes are comparable. The latter fact suggests that the informational content of the indicators about the true reference group variables is of similar magnitude, but of course not equal. (Otherwise, the 
Estimation of the labour supply model
The true reference group means defined in Section 3 cannot be observed directly. Hence, if one wants to use these variables in the labour supply model it is necessary to replace the true variables by proxies. It is well-known however that replacing unobservable variables in a model by proxies may lead to inconsistent parameter estimates. Furthermore, the number of observations for which all indicators used in the factor analysis model are available is quite small. Basically, our solution amounts to the following. The proxies used for the unobservable true reference group variables are weighted means of the indicators. Given the estimates of the factor analysis model, one can construct these means optimally, in the sense that a proxy gives the best unbiased prediction of the corresponding true variable. Furthermore, the estimates of the variances of the n's in the factor analysis model can be used to compute the inconsistency that would arise in estimation if the proxies were used in estimation of the labour supply model without further precautions. As a result it is also possible to introduce a correction which guarantees consistent (and actually efficient) estimates of all parameters. We will now work this out in more detail.
Combining (1) with (3) and (2) point to note is that the wages are not observed for non-workers. Both for workers and for non-workers wages are derived from the wage equation presented in Appendix A (available from the authors upon request). Secondly the latent variables j and j are not observable, so that we cannot use (13) and (14) hk pk directly. Instead of j and j we observe x and x . The way to get around the hk pk hk pk problem of not observing j and j is to construct an expression of the hk pk expectation of h and p conditional on x and x . In this expression normality of
all the variables involved is used heavily. The third point to note is that if we want to use all observations in the estimation of (13)- (18) we will encounter many cases where not all elements of the vectors x are observed. We therefore construct proxies for the true variables that are optimal given the amount of information available. Let z be the subvector of x which is observable for household k.
hk hk
There holds
where A is the sub-vector of A corresponding with z and n corresponds with hk h hk hk z as well. The variance covariance matrix of the subvector of n is denoted by hk hk the individual wants to participate, 50 if the individual does not want to participate.
Estimation results for the labour supply model
Model (24)- (25) has been estimated by Maximum Likelihood on 977 observa-2 tions of married females in the SEP-data.
For the sake of comparison we have also estimated a standard model without preference formation. Table 4 presents the results. Let us first concentrate on the standard model of which the results are given in the first column of Table 4 . We see that family size has a significant negative effect on both the degree of participation of married females and the number of hours she would like to work. Also strong is the effect of the presence of children younger than 6 in both equations. Females work fewer hours and participate less if they age. Non-labour income is shown to have a negative effect on working hours and on the participation rate, implying leisure to be a normal good. The labour supply curve is forward bending for wages below 24 guilders per hour. For higher wages it is backward bending. The higher the expected wage rate, the higher the participation rate for wages below 20 guilders per hour.
Next consider the extended model in which preference formation plays an important role. In the flexible specification, the wage variable turned out to have a negative effect on labour supply and the squared wage a positive. As a result of this, in almost 60% of the observations, the Slutsky conditions were violated. Therefore, we have presented here the linear specification. The parameter estimates of the non-wage variables were roughly similar in both the linear and the quadratic specification. It is striking to see that especially the coefficients in the hours equation change a lot. The effects of family size and of the presence of children younger than six become insignificant. Both the wage and the income effects have decreased in size and are insignificant. The age effect has also become much smaller, but is still significant. Habit formation has a very significant positive effect on hours worked, and preference interdependence has a sizeable positive, but insignificant, effect. In the participation equation the differences between the standard and the extended model are less pronounced. Preference interdependence apparently plays little role in the participation decision, while habit formation (or state dependence) has a strong effect.
These findings are corroborated by the results in Table 5 , where we present some variants of the model. The estimation results of the model in which only preference interdependence is taken into account (see Table 5 first column) show us that it is habit formation and not preference interdependence that captures the effect of family size on hours worked in the extended model. Preference interdependence in this model has a strong positive and significant effect in the hours equation, but hardly any effect in the participation equation. This latter result is remarkable in that it is at variance with the model put forward by Neumark and Postlewaite (1995) . Column 2 of Table 5 (only habit formation) shows large positive significant effects of habit formation in both the hours equation and the participation equation. Comparison of the log-likelihoods across the columns of Tables 4 and 5 shows that adding preference interdependence to the standard model provides a statistically significant improvement of the model (the loglikelihood rises from 21754.5 to 21744.0). The addition of habit formation is much more important however (the log-likelihood for the second column of Table  5 is equal to 21398.8 as compared to 21754.5 for the standard model). Still, also after allowing for habit formation, preference interdependence significantly improves the model (the log-likelihood for the second column of Table 4 is 21374.1, whereas the log-likelihood for the second column of Table 5 equals 21398.8, a difference of 24.7).
To give an idea of how well the extended model predicts labour supply behaviour, we present graphs of observed and simulated hours distributions. In Fig. 1 the observed (desired) hours distribution is confronted with the hours distribution, simulated by the standard model. Clearly, non-participation is overestimated, and the frequencies of positive hours per week are underestimated. In Fig. 2 the simulated hours distribution derived from the extended model is 2 shown. It fits the data much better. The x -statistic, calculated as squared difference between the observed and simulated data, shows a reduction from 61.91 in the standard model to 1.22 in the extended model.
Both in the standard and the extended model no observations violate the Slutsky conditions. The labour supply curves and participation rates derived by averaging over all individuals are shown in Figs. 3 and 4. Fig. 3 reveals a flatter labour supply curve in the extended model than in the standard model. Analogous results are found for the participation rates. We believe that the wage effect is taken over by habit formation and preference interdependence. Just as is the case with the effect of the presence of young children. One should note that these labour supply curves are 'short run' curves in the sense that all right hand side variables, except the wage, are kept constant. The models with habit formation and preference interdependence are dynamic models, and hence it is also of interest to consider responses to changing wage rates after more than one period. To simulate the long-run effects of wage rate changes, we increase all wages by 10% and simulate participation and hours worked after one period. These simulated values are next fed into the right hand side of the hours and participation equations and we simulate hours and participation in the next period. We continue this process until convergence. In the simulations it has been assumed that desired hours and participation can be realized without delay (i.e. there is no involuntary unemployment or other demand side restrictions). We summarize the aggregate effects of the simulations by presenting the effects on average hours and Table 6 gives the results. One should note that the elasticities of hours only refer to mean hours for those who work. A negative sign for an elasticity may therefore occur in cases where participation goes up quite a bit, but where the new entrants work few hours. This then depresses the mean.
In the extended model, the short term (ST) effects of a wage increase on hours worked and participation are lower than the long term (LT) effects. But the long term effects are still much lower than the wage effects in the standard model. The short term effects in the model with only preference interdependence resemble the effects in the standard model: a strong positive effect on participation and a strong negative effect on hours worked. But after only a few periods, preference interdependence results in small positive effects on both hours worked and participation. 
Conclusion
The modelling of preference formation has been the major point of emphasis in this paper. To that end we have constructed reference group means of hours worked and the participation rate on the basis of a factor analysis model. We have employed different pieces of information available in the data set to construct latent variables which may be thought to be a more accurate reflection of the notion of reference group means than the ones used in Kapteyn and Woittiez (1990) . The factor analytic model, which relates these indicators to the 'true' reference group means suggests that the indicators based on direct information by the respondents about their reference groups perform better than indirect indicators which we constructed ourselves. Unfortunately, due to a particular routing in the questionnaire, the direct indicators of reference groups are only available for a relatively small part of the data. This has undoubtedly reduced the significance of the reference group variables in the labour supply and participation equations.
The estimation results indicate that the incorporation of preference formation leads to different conclusions than would otherwise obtain. One of the most interesting features of the model is that incorporating preference formation leads to a large decrease in the effects of the presence of young children on hours worked. Also, the wage effects on labour supply become smaller. The fit of the model increases significantly by incorporating preference formation.
At the same time, it becomes clear that despite our potentially better operationalization of reference group variables than in earlier work, most of the improvement in model fit is caused by habit formation and a relatively small (but significant) part by preference interdependence. Although this may indicate a more important role for state dependence in the explanation of labour supply, one can only be sure about this, once better indicators of reference group variables are available.
Not only would one like to have direct measures for every respondent (rather than for a relatively small part of the sample), but also it would be important to ask direct questions about participation and hours worked in one's social environment. In the current analyses these variables still had to be constructed in a somewhat roundabout manner.
